In 1983, high concentrations of selenium found in the Kesterson National Wildlife Refuge in the San Joaquin Valley of California were determined to be the cause of fish and waterfowl mortalities (Presser and Barnes, 1985) . The source of the selenium was determined to be agricultural drainage from the terminus of the unfinished San Louis Drain which had been planned to carry drain water out of the valley. In 1984, the Department of the Interior and State of California initiated the San Joaquin Valley Drainage Program to evaluate the problem in more detail and assess other options for drainage in the valley. Initial studies by the Program localized the geologic source of the selenium in exposed marine shales of the Coastal Range of Mountains. Three areas below outcrops of the shales were found to have selenium concentrations in the 90th percentile for valley soils (Tidball and others, 1986a and b) . One of these areas, formed by the alluvial fans of Panoche and Cantua Creeks, was also the source of drainage water received by Kesterson. while the mapping adequately identified sources, it did not address the processes of selenium transport due to weathering, ground water, or irrigation, which would cause problems such as those encountered at Kesterson. To investigate these processes Fujii and others (1988) characterized distribution of selenium in soil solution of three agricultural fields in the lower part of the Panoche Fan. To extend this study it was decided to evaluate a subset of samples collected from the soil survey for extractable selenium and other elements potentially transported by groundwater and irrigation. Fujii's data had been determined from saturation-paste (SP) extractions, which were very time consuming to perform. A method of soil preparation was therefore sought which could be done faster than the SP extraction but would still give an estimate of SP concentrations. The purpose of the current study was twofold: (1) to determine if a consistent relationship could be established for extractable selenium and other elements between the SP method and one using a constant ratio of soil to water (1:5), and (2) to evaluate mobilized selenium and other elements throughout the entire Fan. We show that the 1:5 extraction can estimate SP concentrations of selenium and other elements important for irrigation and groundwater quality and can result in major time savings for survey studies. FIELD SAMPLING In the spring of 1985, soil profiles from 721 sites in the Panoche Fan were taken from a grid pattern and from 10 additional sites for analysis-ofvariance (ANOVA) (Tidball and others, 1986a) . Samples were collected with a stainless-steel bucket auger and composited within each of three depth zones: 0-12 inches, 42-48 inches and 66-72 inches. Figure 1 shows the location of the study area and the field sampling sites for the 189 soils examined in the current survey.
SAMPLE PREPARATION
Samples were air dried at room temperature, disaggregated and sieved through a 2-mm (10 mesh) screen. For the first part of the study, the three depth composites from 9 of the 10 ANOVA sites were prepared by two different extraction methods: saturation-paste (SP), and one using a constant ratio of soil to water (1:5). For the SP extraction, deionized water was added to 100 gm of soil to obtain a paste (Richards, 1954) . The amount of water varied depending on the soil type. After standing for 16 hours, solution was removed from the preparation by suction filtration through Whatman 41 ashless filter paper with a mechanical soil extractor. Because small volumes of solution were obtained from many saturation pastes, extracts were diluted by a factor of 2 with deionized water prior to analysis. For the constant ratio extraction, 50 gm of deionized water were added to 10 gm of soil in polypropylene bottles and the mixture was shaken for 16 hours. Solutions were clarified by centrifugation at 15,000 rpm for 10 minutes and separated into two portions. One portion was stored untreated for anion analysis and the rest was acidified with HNOo for cation and selenium analysis. In the second part of the study, the mid-level composite (42-48") from 189 randomly-selected sites of the 721 profiles was prepared using the 1:5 extraction. Solutions from this part of the study were also filtered through 0.45 micron filters.
ANALYTICAL METHODS
Anion (fluoride, chloride, nitrate and sulfate) determinations were made with a Dionex model 2010i ion chromatograph. Total solution conductivity was measured with a Myron Decisiemen conductivity meter and pH determinations were made with an Orion model 601A digital ionanalyzer. Solution cations were determined by inductively coupled argon plasma atomic emission spectroscopy (ICP-AES) with a Jarrell Ash model 1160 spectrometer (Lichte and others, 1987) . Total selenium in solution was determined by a modification of the method of Presser and Barnes (1985) . Organic matter was decomposed by digestion with sodium persulfate and hydrochloric acid followed by reduction with hydrochloric acid to reduce selenium to selenite. Selenium hydride was then generated and detected by continuous flow atomic absorption spectrometry with a Perkin-Elmer 2380 spectrophotometer (Crock and Lichte, 1982) .
RESULTS AND DISCUSSION
Comparison Study Table 1 shows determination limits and numbers of valid occurrences for data obtained by the saturation-paste (SP) and constant-ratio (1:5) extractions for both studies. Determination limits are normalized to dry weight for the 1:5 extractions, but are reported in solution for the SP extraction, since they vary depending on the saturation percentage (S. Pet., table A). Elements with four or fewer valid occurrences by either method are not included in the data tables or subsequent calculations. Zinc, with 25 valid occurrences by the SP extraction, was the only element which seemed to be detected at lower dilutions but not at the higher dilution of 1:5. A high blank, however, makes the data unreliable.
Geometric means and ranges for the two methods are shown in Table 2 . Conductivity and pH are not reported for the SP extractions because the extracts were diluted. For every element except chloride, means are higher by the 1:5 extraction than by the SP extraction, possibly due to ionic strength effects. Except for chloride and nitrate, the maximum values for the 1:5 extraction are higher as well. This trend is similar to that shown by authors who have compared element concentrations at various field moisture contents (Reitemeier, 1945) and saturation extracts to 1:1 and 1:2 extracts (Hogg and Henry, 1984) . In the case of calcium and sulfate, SP values may be limited by the solubilities of gypsum and calcite. Regressions were calculated using log^0 data and standard USGS statistical programs to compare the two data sets. Table 3 shows the intercept (a), slope (b), and coefficients of determination (r^) for the linear regressions having a significant correlation (probability level=0.05) between the 1:5 values and the SP values. Regressions for barium, silicon and zinc were not significant and are therefore omitted. The elements are arranged in decreasing order of r which indicates the point scatter about the regression. The higher the value for r , the less scattered the points are and the better the 1:5 extraction estimates the SP value. Three of the major contributors to soil salinity (sodium, sulfate and chloride) show excellent coefficients of determination (r^>0.90). SP concentrations of the other major contributors to salinity, calcium (r^=0.79) and magnesium (r^=0.65), are not predicted as well by a linear model, or there is wider scatter about the regression. Of the two elements having significant impact on plants and animals, boron shows a very high value for r^ (0.95) and selenium a much lower one (0.59). The fact that there is a significant relationship at all between the 1:5 and SP values means that, for these soils, estimates of SP concentrations may be obtained quickly with the 1:5 extraction and use of the regression equations.,., Figure 2 illustrates the relationship between between r^ and point scatter about the regression. The points for boron (A, r^=0.95) show much less scatter than those for selenium (B, r^=0.59). The point scatter for calcium (C, r^=0.79) seems to show a jack of fit to the linear model with SP values approaching an upper limit. R increases if the model is changed to a polynomial equation (D, r^=0.90) .
Two samples were prepared in triplicate to determine reproducibility by the two methods. The higher percent relative standard deviation (%RSD) for elements reported in these two samples is shown in table 4. Except for chloride, the %RSD for all constituents is higher by the SP extraction. This is probably due to subjectivity in preparation of the paste. The very high %RSD for zinc (95) shows the effects of the high blank mentioned above. Nitrate also shows very high %RSD by both methods (42 and 34) and is probably not stable in the untreated water solutions. Table 5 lists the geometric means (pH mean is arithmetic) and ranges for the Panoche Fan survey study and ranges for some Egyptian soils (El-Arquan and others, 1985) . As with the comparison study, variables with fewer than four occurrences are not reported (table 1). Nitrate was omitted from this part of the study due to apparent problems with the analysis (table 4). Fluoride was also omitted due to its low abundance in the comparison study (table 2). The 40 samples with valid occurrences of manganese and zinc (table 1) also had the highest values for aluminum, iron, nickel and vanadium. Four were above the 90th percentile for these dissolved constituents as well as titanium.
Survey Study
Minimal survey data are available from other studies, and the Egyptian soils were the only directly comparable data found, since extractant and ratio must be the same. The much higher range for sodium, chloride, and conductivity in the Egyptian soils compared to the Panoche Fan probably reflects groundwater input from marine sources. Extractable sulfate is higher in the Panoche Fan soils indicating their gypsiferous nature. The range for extractable magnesium is similar. log(Se 1:5), ppm <10-1300 <1000-69,000 <200-3400 9-3300 440-1700 100-2800 <5-660 <400-1100 5-1200 255-1600 < 100-1400 40-11,000 2500-35,000 <500-1200 21-3400 170-33,000 <100-15,000 <600-3600 <300-1300 <. 003-2200 7-2900 1100-56,000 48-33,000 3200-13,000 110-12,000 1400-134,000 7.1-10.3 #in solution *arithmetic El-Arquan and others, 1985; water, 1:5 ratio, 49 Nile River Delta soils A standard reference soil from the San Joaquin Valley (SJS-1) was included in random positions with each group of samples to assess the precision of the extractions. Table 6 shows the arithmetic mean, range, standard deviation and %RSD for extractable constituents from the standard. In general, the %RSD is higher for trace elements (boron, chromium and titanium) with lower abundance than for major cations (calcium, magnesium, sodium and silicon) determined by ICP. Anions analyzed by ion chromatography (chloride and sulfate) also show higher %RSD than the major cations by ICP. Except for chloride, all %RSD's from the survey study are higher than for similar data from the comparison study (table 4) . The %RSD for boron is much higher in the survey study (19 vs. 3 for the comparison study). The generally lower precision for the survey study reflects the combined effects of multiple analyst preparation and instrumental variation over the longer time required for the study.
Results of two levels of analysis of variance (ANOVA) testing are shown in table 7 for 20 random duplicates. The components are between samples (S) and between analytical duplicates (A). The analytical component is significant for chromium and titanium (probability level = 0.05) which explains at least part of their high %RSD in SJS-1 (table 6). This means that differences between samples are less significant than the analytical error, which includes preparation. Barium, conductivity and pH also have a high percentage of the total variation due to differences between duplicates (13.2, 11.6, and 20.0, respectively), but differences between samples are still more significant than differences between duplicates. The analytical component for pH variation (20) is similar to the %RSD for SJS-1 (16). On the other hand, boron shows a very small analytical component to the total variation (0.1) compared to the %RSD found for SJS-1 (19). This means that boron differences between samples in the Panoche Fan are real in spite of the relative imprecision for one reference material. SUMMARY
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